Abstract. This study was conducted to mine novel breastspecific unigenes and analyze their epigenetic regulation in breast cancer. Differential digital display and methylation analysis identified the Hs.137007 gene containing a Kelch domain as a candidate novel epigenetic marker. In 50 pairs of breast cancer tissues and nearby normal tissues the methylation level of the 14 CpG sites at the promoter region (-778 to -485) of the gene was higher in cancer tissues (72-93%) than in normal tissues (31-83%), with a high correlation rate (p<0.05). End-point RT-PCR and real-time RT-PCR revealed that Hs.137007 was up-regulated in cancer tissues. A clear relationship between high methylation levels and up-regulated expression was also observed in the cultured breast cell lines. The MCF7 (90-100%) and MDAMB468 (100%) cancer cell lines that showed higher methylation than the BT549 (20-90%) and 184B5 (10-100%) at the 14 CpGs also showed elevated gene expression. Taken together, these results indicate that the Hs.137007 gene is a novel gene specifically expressed in the breast that can be utilized as an epigenetic marker of breast cancer.
Introduction
Epigenetic change via alteration of the methylation status of the CpG sites has been known as an important regulation mechanism of gene expression (1) . Such changes are responsible for the development of cancer, tissue-specific gene expression, genomic imprinting and aging, and development (2) (3) (4) . Indeed, many genes have been shown to be epigenetically regulated at the initiation or progression of breast cancer (5, 6) . Two different categories of genes, proto-oncogene and tumor suppressor, are involved in epigenetic regulation leading to breast cancer. During the progression of cancer, proto-oncogenes such as Fen1, Igf2 and Pax2 (7-9) usually undergo hypomethylation at the CpG sites, which results in their upregulation. Conversely, tumor suppressors such as PCDH8, cystatin M and 15-hydroxyprostaglandin undergo hypermethylation that leads to the down-regulation of gene expression (10) (11) (12) .
Methylation of the CpG sites prevents transcriptional activators from binding to their cis-acting elements, which inhibits target gene expression. Accordingly, induction of demethylation of the CpG sites in cancer cells such as MCF7 and MDAMB468 using the demethylating agent, 5-aza-2'-deoxycytidine, recovered the gene expression to higher levels (13, 14) . However, in sharp contrast to the majority of genes examined in this regard, some genes were found to be upregulated while the CpG sites were hypermethylated. For example, survivin was hypermethylated in endometrial cancer, and this was correlated with increased survivin expression (15) . Additionally, methylation was found to inhibit the binding of p53, a repressor of survivin expression. In another case, it was found that the glycoprotein hormone ·-subunit, GPH·, was hypermethylated in a variety of cell lines that produce proteins at high levels, while it was significantly less methylated in cell lines that produce the proteins at low levels (16) .
Searching for genes that are epigenetically regulated in breast cancer has been conducted using several approaches. For example, individual tumor suppressors or proto-oncogenes that have CpG islands in their promoter were examined for changes in methylation in normal breast and cancer cells and tissues (17, 18) . In addition, malignant cells cultured in the presence of 5-aza-2'-deoxycytidine and genes that showed altered expression before and after treatment were selected as candidates. Further analysis of the selected candidates revealed that CRIP1 and SAT were representative tumor suppressor genes (13) . More recently, differential methylation chip analysis has been employed for the identification of differentially expressed genes in breast cancer. In this method, methylated DNAs are immunoprecipitated by anti-CpG antibody and then amplified by PCR (19) . The use of this technique has led to the identification of differentially methylated genes such as TITF1 in endometrial cancer and WIT-1 in prostate cancer (20, 21) .
This study was conducted to identify genes that are expressed in the breast in a tissue-specific manner and also regulated in an epigenetic manner. To accomplish this, we conducted digital differential display (DDD) (22) , which led to the identification of Hs.137007. The gene was found to be hypermethylated in cancer tissues, while it was hypomethylated in normal tissues. Interestingly, expression of the gene was up-regulated in tissues as well as in cell lines that were hypermethylated. These results imply that the Hs.137007 gene could be used as a novel epigenetic marker in breast cancer.
Materials and methods

DDD.
To identify candidates of the mammary gland-specific genes, digital differential display (http://www.ncbi.nlm.nih. gov/UniGene/info_ddd.shtml) was conducted. We compared expressed sequence tag (EST) libraries from human breast tissues and those from other various somatic tissues. Of the genes that were overrepresented in breast tissue-derived libraries, novel ESTs with structures and functions that have not yet been addressed were selected for further analysis.
The genomic sequence of Hs.137007 was identified using a human BLAST search (http://www.ncbi.nlm.nih.gov/ genome/seq/HsBlast.html). ESTs overlapping with Hs.137007 were located using the general BLAST program (http://www. ncbi.nlm.nih.gov/BLAST/). The open reading frame (ORF) and sequence alignments were identified using DNASIS.MAX version 2.0 for Windows (Miraibio, Alameda, CA). CpG islands were identified using the Sequence Manipulation Suite: CpG Islands (http://www.ualberta.ca/~stothard/ javascript/cpg_islands.html).
Cell culture and bisulfite treatment. The normal human breast cell line, 184B5, and three cancer cell lines, MCF7, MDA-MB468 and BT549, were purchased from the American Type Culture Collection (ATCC; Manassas, VA) and grown in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS).
Genomic DNA extraction of tissue. Post-surgical samples of breast carcinoma were obtained, with written consent, from the National Cancer Center in Goyang, Korea. Nearby normal tissues were also collected for the control experiment. To isolate the chromosomal DNA, ~50-100 mg of the tissue was extracted using a genomic DNA purification kit (Promega) according to the manufacturer's protocol. The extracted DNA was eluted with 250 μl of distilled water.
Bisulfite genomic DNA sequencing. Bisulfite genomic DNA sequencing was conducted as previously described, with slight modification (23) . Briefly, chromosomal DNA extracted from the tissues was subjected to bisulfite treatment using an EpiTect Bisulfite kit (Qiagen). The bisulfite-treated DNA was subjected to two rounds of polymerase chain reaction (PCR) to amplify the 346-bp promoter region (nucleotides -778 to -485; transcriptional start site, +1). The primer sequences used were 5'-GAAGGTTTTGGGGTTAAGGG-3' and 5'-CCTAAATAACCTCCAAAAAC-3' for the primary PCR, and 5'-GTTTTGGTTTAGTTTTAGAT-3' and 5'-CAA AACTTCAAATAAAAACC-3' for the nested PCR. In each case, the PCR conditions were 94˚C for 2 min, followed by 30 cycles of 94˚C for 30 sec, 55˚C for 1 min and 72˚C for 30 sec, with a final extension at 72˚C for 5 min. The resulting products were purified using a Qiaex II gel extraction kit (Qiagen) and then subjected to direct sequencing. The amplicons were also sub-cloned into the pGEM-T vector. The DNA sequences were confirmed by analyzing each PCR product in both directions. Primers 5'-AAACTTCAAATAA AAACCCC-3' and 5'-GTTTTGGTTTAGTTTTAGAT-3' were used for the direct sequencing. The investigated promoter region of Hs.137007 included 29 CpG sites (-778 to -485 GenBank accession no. NM 138433, taking the major transcriptional site to be +1 when numbering, Fig. 1A ). The methylation ratio of each CpG site for each tissue was calculated as the percentage of methylation versus the methylated plus unmethylated sites.
Methylation-specific PCR. Primers specific to methylated (M)-forward 5'-ATAGGGGTTTACGATGTCGG-3' and reverse 5'-TATAACCGACTACAACCGAC-3'-, or unmethylated (U)-forward 5'-ATAGGGGTTTATGATGTTGG-3' and reverse 5'-TATAACCAACTACAACCAAC-3'-DNA from the Hs.137007 proximal promoter (118 bp; -691 to -573; transcriptional start site, +1) were used to amplify the samples in parallel with bisulfite-treated DNA samples from normal breast tissue and breast carcinomas. The PCR conditions for the methylation-specific PCR were 1 cycle at 94˚C for 2 min, followed by 20 cycles of 94˚C for 30 sec, 55˚C for 1 min and 72˚C for 30 sec, with a final extension at 72˚C for 5 min.
End-point RT-PCR.
Total RNA from breast tissue or cell culture was prepared using Trizol according to the manufacturer's protocols (Gibco, BRL, Carlsbad, CA). Reverse transcription was conducted using 10 μg of total RNA and a reverse transcription kit (Promega, Madison, WI). Expression was determined by PCR using primers deduced from the Hs.137007. The primers 5'-GGGCAACACCATTTACT GCC-3' and 5'-TTTTTTTTTTCAAAATAATC-3' were used for amplification of a 346-bp fragment. The following glyceraldehyde 3-phosphate dehydrogenase (GAPDH) primers were used to normalize expression: 5'-ACCACAGTCCATG CCATCAC and 5'-TCCACCACCCTGTTGCTGTA, which amplified a 452-bp cDNA fragment. End-point RT-PCR was conducted by subjecting the samples to 35 cycles of 94˚C for 30 sec, 55˚C for 1 min and 72˚C for 30 sec.
Real-time RT-PCR.
Reverse transcription was performed as described above for the end-point RT-PCR. PCR reactions were conducted as described previously (24) . Briefly, a master mix with a final volume of 20 μl that was composed of 100 ng of the template (reverse-transcribed cDNA), 300 nM of each forward and reverse primer, a dye-labeled TaqMan probe and 1X PCR Master Mix (Applied Biosystems, Foster City, CA) was prepared. The samples were then subjected to an initial melt at 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min in an ABI PRISM 7300 Sequence Detection System (Applied Biosystems). The partial cycle giving a statistically significant increase in the product was determined and normalized to GAPDH. The primers and probes used for Hs.137007 and GAPDH were synthesized by Applied Biosystems.
Statistical analysis. A ¯2 test was used to analyze differences in the rate of each variable. A Student's t-test was used to detect differences in the mean values of the variables. P-values <0.05 were considered to be statistically significant. All calculations were performed using SPSS for Windows, release 7.0 (SPSS Inc.).
Results
In silico cloning and characterization of the human Hs.137007 gene. DDD was conducted to identify novel genes that were specifically expressed in the mammary gland with functions that had not yet been characterized. A total of 74,399 ESTs from 14 breast EST libraries were compared to 1,124,853 ESTs from 86 other tissues. As a result, dozens of novel ESTs that appeared almost exclusively in the breast unigene library were identified (Table I) . Of the breast unigenes, ones that had CpG islands in the proximal promoter and showed a bias for the EST count toward either cancer or normal tissues due to a possible change in the methylation level were selected. For the three selected genes, Hs.137007, Hs.373787 and Hs.613102, a frontier analysis of the promoter methylation level was conducted with 10 normal and cancer breast tissues. Among them, only Hs.137007 showed a remarkable change in methylation between the normal and cancer tissues, with a higher level being observed in the cancer tissues. Therefore, Hs.1370007 was finally chosen for extensive methylation analysis and identification of the relationship with gene expression.
The Hs.137007 EST identified was 3,008 bp long and located on human chromosome 22. A BLAST search revealed that Hs.137007 contained the Kelch domain, which was first found in the Drosophila Kelch protein (25) and later found in C. elegans and humans (26, 27) .
Aberrant hypermethylation of the Hs.137007 gene in human breast tumors.
A CpG island spanning from -778 to -485 and containing 29 CpG sites was identified in the upstream region of the Hs.137007 gene (Fig. 1A) . This 293-bp region was amplified by two rounds of nested PCR from bisulfitemodified DNA. The methylation status of the CpG sites was then determined by direct sequencing of the PCR product.
A total of 50 sets of breast cancer tissues and nearby normal tissues were collected for analysis of the promoter methylation and expression of Hs.137007. Pathological evaluation revealed that all cancer tissues were the ductal cancer type. Sequencing of the PCR products revealed that all cytosines were converted to thymines, except for those that existed as CpG doublets and were methylated. The methylation level in the cancer tissues was higher or similar to that of normal breast tissues for all CpG sites. Fig. 1B shows the methylation level of each CpG site from CpG1 to CpG29 that showed higher methylation in the breast cancer tissue (72-93%) than in the normal tissue (31-83%) (p<0.05). Notably, CpG6-CpG16 showed remarkable differences in methylation between the two groups: normal tissue, 32-46%; cancer tissue, 68-83%. The results of the direct sequencing were confirmed by sequencing of the PCR-amplified DNA after subcloning into the pGEM-T plasmid (Fig. 1C and D) . Analysis of five sets of 10 plasmids for normal and cancer tissues indicated a similar methylation level in samples analyzed by direct sequencing and plasmid sequencing. Overall, the percentage of methylated CpG sites from 6 to 16 was 76% in the breast cancer tissues and 37% in the normal tissues, indicating that DNA from cancer exhibited higher average methylation levels.
To determine if cancer tissues could be discriminated from normal tissues by methylation-specific PCR (MSP) based on the methylation level, MSP was used to analyze the same sets of normal and cancer tissues. The results revealed that higher amounts of PCR product were amplified from the cancer tissues using the methylation-specific primers than the unmethylation-specific primers (Fig. 2) . The results also indicated that samples that were found to have higher methylation levels by bisulfite-sequencing had a more remarkable difference in intensity between the cancer and normal breast tissues. However, no remarkable differences in the amount of PCR product produced using the methylationspecific primers and the unmethylation-specific primers were observed in the normal tissues (Fig. 2) .
Increased Hs.137007 expression in breast cancer tissues is correlated with promoter methylation.
To identify the correlation between the Hs.137007 promoter methylation and mRNA expression, we conducted end-point RT-PCR and quantitative real-time RT-PCR analysis for total RNAs isolated from 50 sets of cancer and normal breast tissues. End-point RT-PCR revealed that 25 cancer tissue samples and 7 normal tissue samples expressed the gene out of a total of 50 samples (p=0.042) (Fig. 3A and B) . Additionally, real-time RT-PCR analysis confirmed that the gene was more highly expressed in cancer tissues than in normal tissues (Fig. 3C) . Taken together, these findings indicate that the Hs.137007 gene was activated in cancer tissues in which epigenetic hypermethylation occurred in the promoter. Table I . Top 10 unknown genes with highest enrichment in breast identified by digital differential display. - To further analyze the relationship between the promoter methylation and gene expression of Hs.137007, these characteristics were examined in a normal breast cell line and three cancer cell lines. In two cancer cell lines, MCF7 and MDAMB468, the CpG sites were highly methylated as in the cancer tissues; however, the CpG sites were less methylated in the BT549 cancer cell line and the 184B5 normal cell line ( Fig. 4A and B) . The expression of Hs.137007 in the two cell lines that showed higher methylation, MCF7 and MDAMB468, was higher than in the BT549 and 184B5 cell lines, which had a lower methylation level (Fig. 4C and D) .
Discussion
In this study, we described the in silico identification of a novel breast-specific unigene, Hs.137007, and its epigenetic regulation in breast cancer. DDD analysis indicated that the gene expression was generally confined to the mammary gland, and that there was only minor expression in the blood, cervix, kidney and parathyroid. Additionally, no homologous genes were found by a BLAST search. One remarkable feature of the gene is that it contains a kelch domain. The kelch motif was first discovered as a 6-fold tandem element in the sequence of the Drosophila ORF1 protein. The repeated kelch motifs predict a conserved tertiary structure, a ß-propeller. Members of this growing superfamily, which are present throughout the cell and extracellularly, have diverse activities (28) . However, the specific function of the protein as well as the kelch domain in the breast should be elucidated in further researches. We determined the methylation status of the CpG island by direct sequencing of the PCR product as well as sequencing of the plasmid containing the PCR product. Both techniques were found to be useful and provided similar results. Recently, pyrosequencing, which is a technique that enables precise analysis of the methylation level, has gained popularity (29) . However, this technique is not yet applicable to long sequences covering many CpG sites. In the present study, pyrosequencing of a few samples in a more restricted region revealed results similar to those obtained when direct sequencing was conducted (data not shown).
Of the 29 CpG sites examined, sites from CpG#6 to CpG#16 showed remarkable hypermetylation in cancer tissue samples when compared to normal tissue samples, while the downstream CpG sites showed similar levels of methylation in cancer and normal tissues. Additionally, CpG#6-16 were found to overlap with the plausible binding sites for transcription factors AP-2 and GCF. It is well known that AP-2 can repress its target genes in cooperation with co-repressors such as KCTD1 (30) . Moreover, GCF (GC factor) binds to specific GC-rich sequences in the promoter and represses the transcription of genes including epidermal growth factor receptor and insulin-like growth factor-I receptor (31, 32) . In this respect, it is speculated that hypermethylation in the breast prevents the repressor from binding to the CpG sites, thereby inducing up-regulated expression.
It should be noted that the cancer tissues showed higher levels of methylation at the promoter CpG island and higher levels of expression than the normal tissues. These data are supported by the results obtained when cultured cell lines where evaluated, which revealed that higher levels of methylation resulted in higher gene expression when compared to cell lines with lower methylation levels (Fig. 4) . It is generally recognized that promoter methylation is related to gene silencing in breast cancer and other cancer types (33, 34) . However, cases of higher methylation and higher expression patterns such as those observed in this study have been rarely reported to date. Binding of p53 that acts as a repressor on the survivin promoter is inhibited by methylation. Furthermore, it has been suggested that de-repression by methylation is a general mechanism of p53 regulation (15) . In the case of glycoprotein hormone-· subunit (GPH·), when CpG sites in the Alu repeat sequence were hypermethylated, the Alu-binding protein MeSABp50 could not bind to it and transcription was activated. However, no consensus sequences of Alu were observed in the Hs.137007 promoter region.
One of the remarkable characteristics of the Hs.137007 gene is that the methylation level in cancer tissue and nearby normal tissue is highly correlated (p<0.005). Indeed, of the 50 pairs of breast cancer tissues and normal tissues evaluated here, 45 showed higher methylation levels in the cancer tissues than in the normal tissues (Fig. 1) . Therefore, the gene is expected to be useful as an epigenetic marker to diagnose breast cancer.
In conclusion, this study describes a unique approach of combined evaluation of novel tissue-specific unigene and epigenetic regulation in breast cancer. This method revealed that the Hs.137007 gene was hypermethylated and up-regulated in breast cancer tissues. Future studies should be conducted to annotate the function of the gene in the breast and to elucidate the molecular mechanism by which up-regulated expression in cancer occurs in response to hypermethylation.
